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A smoke-derived butenolide, 3-methyl-2H-furo[2,3-c]pyran-2-one, has previously been shown to improve seedling vigour of various crop species.
The aim of this study was to examine the effect of butenolide priming treatments on seedling emergence and growth when it is applied to peat moss in
which seeds are sown (post-sowing) rather than pre-sowing imbibition of the seed itself. Pepper (Capsicum annuum L.) and salvia (Salvia sp.) seeds
were sown in peat moss in modules and subjected to either butenolide priming (10−7 M, 25 °C) or water for 24 h at 25 °C in the dark. Following this
technique, seeds are imbibed, not subsequently dried and placed in a growth cabinet at 18 °C for germination. Butenolide-primed seeds emerged faster
(lower MGT) and produced larger seedlings as indicated by fresh and dry weight compared to the water controls for both species. Butenolide-primed
seeds had higher catalase activity than that of the controls suggesting that the enhancement obtained from priming may be due to changes in
enzymatic activity. Butenolide priming may be used to enhance pepper and salvia seedling performance via the sowing medium.
© 2011 SAAB. Published by Elsevier B.V. All rights reserved.
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Pepper (Capsicum annuum L.) and salvia (Salvia sp.) seeds are
sown in modules for transplant production in early spring in
Mediterranean regions where low temperatures (b20 °C) are
prevalent. Low temperature stress during early seedling emergence
may result in poor seedling emergence and low uniformity,
particularly when low vigour seed lots are used (Bennett et al.,
1992; Mavi and Demir, 2007). Pepper seeds have a short life-span
and lose vigour within 6–8 months of storage (Basak et al., 2006).
Seed ageing is accentuated especially under subtropical conditions
that have high relative humidity and temperature (Ellis, 1992).⁎ Corresponding author. Tel.: +90 312 5961316; fax: +90 312 3179119.
E-mail address: demir@agri.ankara.edu.tr (I. Demir).
0254-6299/$ - see front matter © 2011 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2011.05.009Even though ageing is not necessarily reflected as large differences
in germination percentage, vigour and the potential to produce
high quality seedlings is reduced (Powell et al., 1991).
Priming is a pre-sowing seed treatment in which seeds are
exposed to an external water potential that is low enough to restrict
germination by various means (i.e. polyethylene glycol, inorganic
salts, matrix material, hydration) and yet permits pre-germinative
physiological and biochemical activities (Taylor et al., 1998).
Priming enhances seed performance by increasing the germina-
tion rate and uniformity of emergence which results in enhanced
seedling establishment (Bennett et al., 1992). It is a useful
technique to improve seed germination resulting in rapid and
more synchronous seedling emergence under various adverse
field or seed–bed conditions (Khan, 1992). Various plant growth
regulators such as polyamines (Basra et al., 1994), jasmonic acid
(Korkmaz et al., 2004), and salicylic acid (Farooq et al., 2008)
have also been associated with priming in order to accelerate theirts reserved.
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adverse emergence conditions.
Smoke from burning vegetation is an important post-fire
germination cue (De Lange and Boucher, 1990), and a highly
active germination promoter, 3-methyl-2H-furo[2,3-c]pyran-2-
one (a butenolide compound), was isolated from plant-derived
smoke (VanStaden et al., 2004) and burnt cellulose (Flematti et al.,
2004). Although smoke was initially investigated for its
dormancy-releasing effect, reports investigating the effect of
butenolide on rice (Kulkarni et al., 2006), maize (Van Staden et al.,
2006), tomato (Jain and Van Staden, 2007), okra (Kulkarni et al.,
2007) and aubergine (Demir et al., 2009) indicated that it can
promote seedling vigour and could potentially be used as a seed
priming agent. However, inmost of these studies, seedswere either
imbibed on top of paper or soaked. This re-drying after priming
and subsequent storage before sowingmay have adverse effects on
seed quality (Khan, 1992). In large-scale transplant production,
seeds are sown in medium (peat moss/perlite/vermiculite) in
modules and irrigated with water and modules conditioned at
optimum temperatures, i.e. 25 °C for 24 h, before transfer to
glasshouses at a slightly lower temperature. This period allows
seeds to imbibe at the optimum temperature and initiates the seed
germination process. In this study we tested whether sowing seeds
in irrigation modules with butenolide solution during conditioning
(25 °C) before transfer to the glasshouse, affected seedling quality
of pepper and salvia seeds at low temperature (18–20 °C). This
would have the following advantages in transplant production, 1)
uninterrupted germination, 2) elimination potential adverse effects
of drying following treatment, and 3) reduce workload and seed
drying time following treatment.
The physiological basis of butenolide priming is not clear
even though an increase in replicated DNA (Jain and Van Staden,
2007), induction of the cell division cycle (Soos et al., 2009) and
involvement of gibberellins (Long et al., 2010) have been
reported. We hypothesise that it may also be associated with
enzymatic activity, i.e. catalase, through their role in storage
compound degradation and protecting against damage caused by
reactive oxygen species to the cell processes during priming
(Bailly et al., 2001). Thus, the effect of butenolide priming on
catalase was also tested.
2. Materials and methods
Seeds of salvia (Salvia sp. cv. Salvano) and pepper
(Capsicum annuum cv. Sera Demre) were obtained from
Syngenta Seeds and Beta Seed Companies, respectively. Both
seed lots were produced in 2009. Experiments were carried out
between January and June 2010. The butenolide used in the
experiment was isolated (99% purity) from smoke-saturated
water as described by Van Staden et al. (2004) and provided by
the Research Centre for Plant Growth and Development,
University of KwaZulu-Natal, South Africa. In the case of
butenolide priming and control, four replicates of 25 seeds each
were sown in peat moss in plastic containers (2 kg peat moss
per container, 21×14×10 cm) at 3 cm sowing depth. Peat moss
(Klasman, Germany) was dried at room temperature for three
days before seeds were sown in order to obtain fast imbibitionof the solution. Peat moss media with sown, seeds was irrigated
with 10−7 M butenolide solution by spraying. The amount of
solution was about 24% of peat moss (field capacity) byweight.
Modules were then kept in the dark for 24 h at 25 °C. Seeds
were allowed to imbibe at this optimum temperature followed
by module transfer to a growth chamber at 18 °C with light
density of 72 μ mol m−2 s−1 and relative humidity of 70±5%.
A similar procedure was followed for control seeds but these
were irrigated with distilled water. During the first four days,
containers were covered with plastic bags to maintain constant
field capacity by avoiding evaporation. This also prevents
surface drying of the medium and allows seeds to imbibe well.
Experiments were repeated twice (runs 1 and run 2). Modules
were irrigated with either butenolide or distilled water over a
period of 21 d. Seedling emergence (the appearance of
hypocotyls at the surface) was monitored by counting twice
daily (for the first 10 d), then once daily thereafter. After 21 d,
seedlings were counted and the fresh and dry mass of the aerial
parts was measured. Drying was performed at 80 °C for 24 h.
Catalase (CAT) activity was measured according to the
method of Cakmak and Marschner (1992). Seeds were imbibed
on Whatman filter paper (one gramme of seeds per 9 cm Petri
dish) moistened (5 ml of solution) with butenolide or distilled
water (control) for 42 h in the dark at 20 °C and then frozen at −
20°C without drying. All experimentation was conducted in the
dark. Activity was measured within two weeks. The measure-
ments were conducted using 0.5 g of seeds of each species,
treatment and run. CAT activity was determined by monitoring
the rate of disappearance of H2O2.
One-way analysis of variance (ANOVA) was conducted on
all data and means were separated with Duncan's multiple range
tests at 5% level. Percentage values were arcsine transformed
prior to analysis, and SPSS (9.05, The Predictive Analytics
Company) was used for all statistical procedures.3. Results
Butenolide-primed seeds in both species emerged earlier than
the control in both runs (Fig. 1). The difference was maintained
throughout the emergence period. The final seedling emergence
percentages were significantly different (Pb0.05) in pepper
seeds in both runs but not in treated salvia seeds. In this species,
treated seeds had a higher final emergence in the second run
only. Treated pepper seeds had 95 and 93% seedling emergence
in run 1 and 2, respectively. Corresponding percentages were 75
and 83% in control seeds, respectively. The difference between
treated and control seeds of pepper was more pronounced than
for salvia seeds. The difference between treated and control
seeds at final count was 20 and 10% and 3 and 9% in run 1 and
run 2 for pepper and salvia seeds, respectively (Fig. 1).
Mean emergence time values are depicted in Fig. 2. Without
exception, all butenolide-treated seeds had a faster germination
rate. Treated pepper seeds emerged 4–5.4 d earlier. In the case
of salvia seeds the values were 2.4 and 3.1 d earlier than the
control. The differences resulting from the treatment effect were
significant (Pb0.05) for both species.
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Fig. 1. Cumulative germination of pepper and salvia seeds (mean±S.E) at 18 °C in run 1 and 2. Seeds were primed with butenolide (10−7 M, ■). Water was used as
control (□).
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primed seeds resulted in larger seedling size (fresh and dry mass)
than those of control seeds (Fig. 3). Treatment significantly
affected (Pb0.05) seedling size (seedling fresh and dry weight).
The mean value of treated pepper seedling fresh weight after 21 d
was 62.8 mg/plant, while for untreated ones it was 35.9 mg/plant.
Corresponding values in salvia were 62.3 mg/plant and 44 mg/
plant, respectively. A similar trend was also seen for seedling dry
weights of treated and control seeds in salvia.
Butenolide treatment increased catalase activity compared to
control seeds in both species. Control seeds of pepper and salvia
had values of 13.7±1.9 and 16.5±2.1 μ mol min−1 g−1, fresh0
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Fig. 2. Mean emergence time values of butenolide-treated and control seeds of
pepper and salvia seeds. Mean±S.E. values with different letters are significantly
different (Pb0.05).
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Fig. 3. Fresh (A) and dry (B) mass of seedlings grown at 18 °C from pepper and
salvia seeds following butenolide priming treatment (butenolide 10−7 M). Water
was used as control. Mean±S.E. values with different letters in the same species
are significantly different (Pb0.05).
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recorded as 15.7±2.3 and 27.9±3.6 μ mol min−1 g−1, fresh
mass, respectively. However, the difference between treated and
control seeds was statistically significant in salvia (Pb0.05), but
not for pepper (PN0.05).
4. Discussion
This study indicates that butenolide priming enhanced seedling
emergence of pepper and salvia seedlings. The treatment was more
effective on the final emergence percentage of pepper than salvia.
Germination rate was shortened for both species and runs by the
treatment effect resulting in larger seedling fresh and dry weight.
There was a general trend that earlier emerged seeds produced
larger seedlings. There is a negative correlation between MGT
value and seedling size (Powell et al., 1991). This finding that
priming promoted earlier emergence and increased seedling fresh
and dry mass is in agreement with previous findings for several
crops and basic advancement obtained from priming treatments
(Taylor et al., 1998).
Companies that produce transplants usually sow seeds in
medium, mostly peat moss mixed with perlite or vermiculite, and
keep them moist and at an optimum temperature (seed
conditioning) before transferring the modules to a glasshouse in
which seedling emergence and growth occur. This precondition-
ing at optimum temperature hastens seed imbibition and
subsequent emergence. We aimed to treat seeds at this
conditioning stage with butenolide and enhance the seedling
quality. In such a treatment, seeds are not dried following
imbibition as in most priming treatments. Post treatment drying
may be hazardous since seed moisture is raised above 30% to
initiate physiological activation. In the method that we used here,
the initiated physiological processes are not halted or slowed
down by drying. Dried seeds need more time to reach the
threshold level for germination. Moreover, longevity of primed
seeds may be shorter than the control where treated seeds are
being used subsequently (Tarquis andBradford, 1992). This is not
the case in this work, as there is no interruption to imbibition by
drying.
Results showed that treating with butenolide compared to
water during the conditioning stage enhanced earlier emergence
resulting in larger seedlings in pepper and salvia. This positive
effect of butenolide was reported for various other crop seeds
where seeds were imbibed or soaked in the solution (Van
Staden et al., 2006; Jain and Van Staden, 2007; Demir et al.,
2009). Some problems may arise during soaking or imbibitional
treatment, such as imbibitional injury. In cases where seeds are
very dry, they may be damaged by fast water uptake in solution
(Ellis et al., 1990). This happens through cell wall damage when
the semi-permeable structure of the cell wall is destroyed. This
phenomenon may affect the overall advantages of the treatment.
This is unlikely to occur when seeds are imbibed via peat moss
which allows the seeds to take up water slowly from a matrix
surface as happens during matrix conditioning (Khan, 1992).
More recently, Long et al. (2010) reported that during pre-
treatment a higher seed water content reduced the sensitivity of
seeds of Brassica tournefortii to the smoke-derived compoundkarrikinolide. They proposed that a lower seed moisture content
hastens water uptake and affects sensitivity to ABA and GA3.
This could explain why the smoke-extract is very effective after
extended dry periods following dispersal in late spring and early
summer in a Mediterranean climate.
Results from this study indicate that butenolide has the
potential to be used in seed technology as a seed treatment (Fig. 3).
This is in agreement with previous research findings for various
agronomical and horticultural crop seeds (Van Staden et al., 2006;
Jain and Van Staden, 2007; Ghebrehiwot et al., 2008).
Several different physiological mechanisms may be involved
in the repair process affected by priming treatments (Khan, 1992;
Basra et al., 1994; Taylor et al., 1998; Jain andVan Staden, 2007).
Smith and Cobb (1992) indicated that enzymes also activate
repair in seeds and suggested that ageing induces the generation of
reactive oxygen species which may lead to peroxidative stress,
resulting in seed deterioration. Several free radical scavenging
enzymes such as catalase endow a protective mechanism and
keep deleterious compounds to a minimum. Catalase is the
antioxidant enzyme that is most effective in preventing cell
damage and hence enhancing rejuvenation. Thus, the higher level
of catalase activity observed in butenolide-treated seeds could be
due to the faster hydrolyzing ability of endospermic storage
reserves, which would result in faster emergence as well as
alleviating stress effects. The more vigorous seedling growth
observed in the butenolide-treated seeds may be due to a
protective role of butenolide treatment on protein degradation
(Khan, 1992). Some reports also indicated that butenolide affects
the sensitivity to plant hormones during germination in celery,
lettuce and Brassica tornefortii seeds (Thomas and Van Staden,
1995; Strydom et al., 1996; Long et al., 2010).
An extended period of the seedling in the seed bed, as is the
case when conditions are sub-optimum results in emergence
taking longer and may increase the risk of infection by
‘damping-off’ pathogens such as Fusarium, Rhizoctania and
Pythium. The enhanced and more rapid seedling emergence, as
result of butenolide treatment, reduces the possibility of
pathogenic attack. It is also clear that treatment of seeds with
smoke extract plays a role in protecting seed and seedlings
against pathogens in the seed bed (Kulkarni et al., 2006).
Obtaining high plant stand establishment is always an
important consideration in commercial transplant production
(Bennett et al., 1992). Irregular stand establishment and delayed
emergence are common phenomena, particularly in early sowing
under stressful environments i.e. low temperature in pepper and
salvia. Therefore a high percentage of fast emerging normally
developed seedlings at transplant production sites would be an
asset to commercial transplant production. Mavi et al. (2010)
observed that butenolide enhanced seedling emergence at low
temperatures compared to an optimum in melon. Aged melon
seeds responded more to butenolide than non-aged ones which
indicates that butenolide plays a role in alleviating detrimental
effects of low temperature during early phases of seedling
emergence and partially rejuvenate ageing effects. This is of
value when left over seed lots are used for seedling production.
Similarly, Jain et al. (2006) reported the advantages of butenolide
treatment at lower temperatures such as 10 and 15 °C compared to
87I. Demir et al. / South African Journal of Botany 78 (2012) 83–87optimumand high temperatures in tomato seeds. This has practical
value for both melon and tomato as summer crop species. These
seeds are sown in early spring when low temperatures are
prevailing. Although butenolide is currently unavailable com-
mercially, the present results show that it has the potential to be
used as a sowing treatment and ideal priming agent for improving
seedling emergence and growth of pepper and salvia seeds. Its use
in other flower species is being investigated.
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